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1. ABSTRACT 
Upwelling at Lüderitz is regarded as aseasonal, and the area is thought to represent an environmental barrier within the Benguela Upwelling region. To test this, I examined the distribution patterns of the dominant copepods on either side of the Lüderitz upwelling cell during late spring and summer 1983. Distinct aseasonal assemblages were observed, and these displayed clear alongshore and cross-shelf distribution patterns. Assemblages north and south of Luderitz were dominated by Calanoides carinatus and by Paracalanus sp. and Parvocalanus sp. respectively. The environmental barrier does not appear to affect the composition of assemblages but affect displacement of species specifically adapted to different thermal structures. The displacement of C. carinatus and smaller copepods (Paracalanus sp. and Parvocalanus sp.) is northwards in summer and southwards late spring.
2. INTRODUCTION

The Benguela Current is the eastern boundary current of the South Atlantic gyre, which dominates the oceanography off the west coast of southern Africa (Stramma and Peterson 1989). It is characterized by warm water boundaries at both the equatorward and the poleward extents (Shannon and Nelson 1996). The northern boundary of the Benguela system is considered to be the Angola-Benguela surface frontal zone (Shannon et al. 1987, Shannon and Agenbag 1987, Meeuwis and Lutjeharms, 1990) and the southern boundary is considered as the Agulhas retroflection area (Shannon et al. 1981, Nelson and Hutchings 1983).  

Seasonal changes in wind-stress are responsible for upwelling, the displacement of surface water and the replacement by cold, nutrient-rich water from the bottom, of South Atlantic Central Water. Upwelling is neither temporally nor spatially consistent along the western coastline of southern Africa, but varies with time of year and time of day, orography and coastal geomorphology, as well as the width of the continental shelf (Shannon and Nelson 1996). That said, upwelling at Luderitz is generally considered to be strong and aseasonal owing to the surrounding desert (which results in perennial and upwelling favourable alongshore winds), and to the narrow width of the continental shelf (the 200-m depth contour is closer inshore in the vicinity of Lüderitz than it is elsewhere in the Benguela system). 

Other upwelling cells in the Benguela are off Cape Frio (18°S), Walvis Bay (23°S), Hondeklip Bay (30°S), Cape Columbine (33°S) and the Cape Peninsula (34°S) (Shannon 1985). Longshore demarcations in the Benguela upwelling system exist as semi-permanent “discontinuities” north of these upwelling cells and are more pronounced north of the Lüderitz cell, nearly at Meob Bay (24-25°S) (Agenbag and Shannon 1988). The formation of the weak front (Agenbag and Shannon 1988) is due to the reduction of wind-induced turbulence and the consequent stratification or an increase in sea surface temperature gradient at that latitude (Agenbag and Shannon 1988). Seasonal variability of the average gradient on either side of the weak front is associated with the seasonal shift of the Lüderitz upwelling cell (Agenbag and Shannon 1988). The cold dome at Lüderitz shifts seasonally by 1º latitude in line with seasonal changes in the wind stress (Agenbag and Shannon 1988).

It has been suggested that regular upwelling of cold water in the vicinity of Lüderitz prevents the exchange of biota to either side (Boyd and Cruickshank 1983, Shannon 1985, Shannon and Pillar 1986, Crawford et al. 1987). Observations on commercial pelagic fish catches (Schülein 1974, Cruickshank 1983), pilchard larvae Sardinops sagax (O’Toole 1977) and anchovy Engraulis encrasicolus (Le Clus 1985) have supported the concept of the environmental barrier at Meob Bay.  Separation of fish species is thought to be a result of larval retention areas at Walvis Bay, hence the barrier at Lüderitz dividing the main retention areas (Badenhorst and Boyd 1980, Boyd and Hewitson 1983, Crawford 1980, Crawford et al. 1983). Evidence for the  existence of this environmental barrier was further provided from an analysis of distribution patterns of euphausiids (Barange et al. 1992). These authors found that two species of euphausiid, Euphausia lucens and Nyctiphanes capensis, are characteristic to northern and southern Benguela respectively. Seasonal hydrodynamics also affected the distribution patterns, widening the distribution of E. lucens as far as 20°S during intense upwelling periods, but only to 23°S during quiescent stages (Barange et al. 1992). Similarly, the effect on the distribution of N. capensis stretched south to 26°S, but at much lesser densities (Barange et al. 1992). However, in contrast to other authors, Agenbag and Shannon (1988) postulated that the alongshore thermal gradient or the barrier is too weak to prevent the exchange of fish. 

In the present study the effect of the environmental discontinuity as a potential 
barrier to the mesoscale distribution and exchange of copepod species between the southern and the northern Benguela is examined. 

3. MATERIALS AND METHODS

Sampling

The oceanographic data and zooplankton samples were collected during the SWAPELS (South West African Pelagic Egg and Larva Survey) cruises of 1983. This year was selected because the area south of Lüderitz was also sampled, unlike in other years when sampling was limited to the northern Benguela, i.e. north of Lüderitz.  The SWAPELS grid extended from an area south of the Kunene River (17°30´S) to Lüderitz (26°40´). These cruises were conducted monthly from the 1970’s to 1989 and the station grid consisted of transects positioned every half-degree latitude perpendicular to the coast. The samples examined here were collected from two transects (Fig.1) north of Lüderitz (24°30´S and 25°30´S) and two south of Lüderitz (27°30´S and 28°S. The northern and southern transects consisted of nine and two stations respectively. The distances between selected stations are summarised in (Table 1). Samples from the selected transects were collected during January and February (summer) and November (late spring).  The onboard hydrological work that was conducted during the SWAPELS cruises consisted of surface temperature measurements made with a bathythermograph and the collection of water samples for salinity analysis in the upper 100 m. Salinity was analysed onshore using an inductively-coupled salinometer (Kruger and Boyd 1984). Zooplankton samples were collected by a paired Bongo net fitted with 300 µm mesh nets, each with a mouth area of 0.255 m2. The nets were towed obliquely from a depth of 50 m, or from 5 m above the sea-bottom at shallow stations, to the surface (Kruger and Boyd 1984). Zooplankton samples were preserved in 5% buffered-formaldehyde seawater solution.
Laboratory analysis

Macrozooplankton (> 2 mm total length) were removed from the preserved samples. The remainder of the sample was filtered through a 200 µm mesh to reduce the concentration of formaldehyde and then settled for 24 hours (Lohmann 1908) in graduated measuring cylinders. The settled volume was diluted to 10 x the volume of the zooplankton using filtered seawater.   The zooplankton was then resuspended by bubbling air through the measuring cylinder and two sub-samples of 2 ml volume were removed using a modified wide-bone Stempel pipette. The sub-samples were then transferred to a Bogorov tray and copepods in the two sub-samples were identified and counted using a dissecting stereo-microscope at 40 x magnification. The copepods were identified to the lowest taxonomic level possible; when possible all developmental stages were analysed separately. 

The abundance (individuals/m-3) of each taxon was calculated using the following equation.
Individuals. m-3 
= 
  n x dv 



(equation 1)





  k x v

where (n) = the mean number of individuals from two sub-samples; (dv) = diluted volume after settling; (k) = the average volume of the counted sub-sample; and  (v) = the volume of water filtered by the Bongo net. 
Numerical methods

The objective of the research entailed the investigation of copepod assemblages formed in space and time as a function of the environmental barrier. Contour plots of sea surface temperatures (SST) and sea surface salinities (SSS) of the entire area covered by the selected stations (24°30´S to 28ºS) for each month (January, February and November) were drawn using SURFER software. Likewise, the diversity and densities of all species present for each month were also plotted. 
Multivariate analyses were conducted using the Plymouth Routines for Multivariate Ecological Research (PRIMER) software (Clarke and Warwick  1997). The Shannon-Wiener univariate diversity index (H´) (Krebs 1999) for each month was measured using the PRIMER software. The Shannon-Wiener diversity index, based on proportional abundance, is commonly used as it incorporates both: (i) the species richness (the total number of species present); and (ii) the equitability component (evenness in species distribution) (Clarke and Warwick 1997).  

The Bray-Curtis similarity index (Bray and Curtis 1957) was used to construct similarity matrices between samples and formed the basis for cluster analysis. Both the matrices and hierarchical agglomerative cluster analyses (Clark and Warwick 1997) were constructed for each month using the PRIMER software. The calculation of these similarity matrices was preceded by standardisation and transformation of the species abundance data. Standardisation reduces the values to a common scale of comparison (Bakus 1990) especially in cases of data sets with large numbers of zero entries (Burd et al. 1990), whereas transformation diminishes the effect of very abundant species or increases the effect of very rare species (Postel et al. 2000). However, the treatment of data sets was according to Clark and Warwick (1997) recommendation of no transformation, but standardisation. The resultant dendograms plotted using the group average method provide simplicity and aggregate groups of species distinctly. However, Field et al. (1982) cautioned on their disadvantages and recommended the use of further analysis for validations, hence the use of SIMPER analysis. The SIMPER analysis in PRIMER was used to identify the species responsible for the aggregation of similar groups in clusters. The SIMPER analyses were based on the Bray-Curtis dissimilarity coefficient after a random 90% cut off for low contributions has been applied. The BIONENV procedure in PRIMER was used to determine which environmental parameters (SST, SSS, latitude and longitude) could best explain the structure of the identified copepod assemblages between samples (Clark and Warwick 1997).

A Kolmogorov-Smirnov test was used to examine differences in the mean for variables in each cluster. This latter test was performed using Statistica software.  Significance levels of P<0.05 or P < 0.1 were used.

4. Results

Hydrography

There were both alongshore and cross-shelf patterns in (SST) and (SSS) during January (austral summer) (Fig.2). The isotherms and isohalines in January were approximately parallel to the coast with steeper cross-shelf temperature and salinity gradient (7ºC) south of 27°S, than in the area of 24ºS- 26ºS. A plume of cold (11-12ºC) and less saline (34.88-34.92‰) water was evident in the vicinity of Lüderitz, extending along the coast in a northwesterly direction. The western boundary between cold upwelled water and warm water was closer inshore in the south than in the north and near uniform alongshore thermal and salinity conditions were observed north of Lüderitz. The SSS patterns north of 24º30´S differed slightly from those of SST, with a clear isohaline trend extending perpendicular to the coast, creating a “boundary” between upwelled water in the south and more warmer and more saline water in the north.  

Reduction of cold, less saline upwelled water in the vicinity of Lüderitz was evident in February (Fig. 2). The northern part of the area was characterized by higher SST. A plume mild temperature divided the northern part from the southern section.

The cold plume of upwelled water was situated more northerly (at 25ºS) during November (Fig. 2). The isotherms and isohalines were distinctly parallel to the shore coupled with persistent upwelling in late spring or early summer. Reversed conditions of steeper inshore-offshore gradients in the north were evident during this period. 
Prominent onshore advection of warm water at latitude 25º30´S was evident during all months and was more pronounced in February. The study area was characterized by three regions: persistent upwelling in the vicinity of Lüderitz; a moderately uniform portion north of Lüderitz with onshore advection of warm water at 25º30´S; and a southern region (27ºS-28ºS) characterised by less uniform SST and SSS distribution patterns.

Species composition

Fourteen families and 19 species of copepod were identified (Table II). Parvocalanus sp. and Paracalanus sp. contributed 36% of the total abundance, whilst Calanoides carinatus (adult and juvenile developmental stages) made up 34%. Six species of copepod could not be identified to species level; these were mostly small or rare copepods. With the exception of 8 taxa (Corycaeus sp., Microsetella sp., Clausocalanus sp., Ctenocalanus sp., Nanocalanus minor, Candacia sp., Eucalanus sp. and
 Aetidius sp.), all other species were found in all months examined. All species were found in January, whilst Corycaeus sp., Clausocalanus sp., Ctenocalanus sp. and Eucalanus sp. were absent during February.  In addition to the species absent in February, N. minor, Candacia sp., and Aetidius sp. were not present during November. The three dominant species were widely distributed, and C. carinatus was found in almost all the samples.

The interpretation of density and diversity patterns was restricted to January and February as stations south of Lüderitz were not covered by the SWAPELS cruise during November (Fig. 4 and Fig. 5). High densities of copepods were observed north of 25º30´S in January and February, whilst low densities occurred south of 26ºS (Fig. 4). It was evident that two patches of high densities in the northern Benguela were separated by the shelf-break during January and February. The southern patch (24º30´S) was displaced further offshore, while the northern patch (25º30´S) was found closer inshore.  The densities decreased considerably to the south, with the lowest densities observed in the vicinity of Lüderitz. The densities increased in an offshore direction and the alongshore gradient was steeper in the north and was consistently higher in the south during January and increased in an offshore direction during February coupled with high sea surface temperatures. 

Assemblages
The dendogram between all samples (Fig. 6) produced two distinct sub-clusters, nearly separating samples south of Lüderitz (Group I-A) from samples north of Lüderitz (Group I-B). The significant differences between diversity (P < 0.05) and temperature (P < 0.05) confirmed the characteristics associated with the respective two environments (Table VII). The samples north of Lüderitz had the highest diversity coupled with low density and high ambient temperature. 
Level II  reflected the uniformity of the thermal structure in late spring (Group II-A) and the appearance of comparatively cooler water (Group II-B). The onset of upwelling and its slackening, respectively, were evident. Moreover, Group II-A reflected the presence of mostly inshore samples, which were associated with a northward shift of upwelling in early summer and the consequent appearance of warm water inshore at 26ºS. The dominance of smaller copepods, such as Parvocalanus sp. and Paracalanus sp., confirmed the presence of the relatively warmer water inshore. Group II-B reflected the mild SST and SSS patterns just north (25ºS) of the warm water intrusions, evident during summer (January and February). The larger copepods, C. carinatus and R. nasutus, preferred the mild SST and SSS patterns at 25ºS. The differences in salinity, longitude and seasonality (month) were significant (P < 0.05) (Table III). 
Level III reflected seasonality of the weak front at ±25º30´S, the front was almost absent in early summer (Group III-A), but evident during February (late summer) (Group III-B). The presence of the front during late summer was associated with warmer, more saline water and coincided with high diversity and the dominance of Paracalanus sp. and Parvocalanus sp. (89%). These latter species also contributed the highest proportion of the dissimilarity between Group III-A and Group III-B (Table IV). 
Level VI portrayed how the shelfbreak samples (±25º18´S, ±14º10´12´´E) (Group VI-A) were distinguished from further offshore samples in the north (±24º48´36´´S). Its was evident that the shelf break contributed to both high density and diversity. C. brachiatus and C. carinatus were dominant at the shelfbreak. Centropages brachiatus and M.lucens did not extend considerably further offshore from the shelfbreak. Significant differences in diversity were evident between Group VI-A and Group VI-B. 
Level IV reflected the seasonality of diversity at the weak front or the “boundary”. Diversity was higher during early summer, but lower during late summer. The density of Paracalanus sp. and Parvocalanus sp. was consistently higher in both early and late summer, whilst C. carinatus appeared during intense upwelling in early summer. Diversity was significantly higher (P < 0.05) in early summer at the “boundary” than in late summer.

The results of the BIOENV procedure (Table V) showed a reduced contribution of the environmental parameters to the structure of the pooled assemblages. The contribution was significantly lower than during January and February, respectively. 

5. Discussion

The cross-shelf patterns of the physical environment are in accordance with earlier work in the region (Agenbag and Shannon 1988). All species observed during the study have been reported in earlier publications (Uterüberbacher 1964,) and copepod species as indicator species of different water masses were reported by Shannon and Pillar (1986). Indicator species include C. carinatus, C. brachiatus, M. lucens, Paracalanus sp., Parvocalanus sp., Paracartia sp. and N. minor. The eight species identified by (De Decker 1964) as typical members of the cold water community in the Benguela system, contributes to the similarities or dissimilarities of the identified assemblages in this report. All of these species are portraying adaptations to specific thermal and salinity harmony characteristics of surface water. The discrepancies in their distributions portray latitudinal and longitudinal divisions within and around the Lüderitz upwelling area. The discrepancies are associated with species abundance rather than the identity of the species at a restricted locality (Hutchings 1988, Gibbons and Hutchings 1996). The cold filament at Lüderitz is associated with larger copepods C. Carinatus and R. nasutus, but other copepods could be identified in small numbers, such as Paracalanus sp., and Parvocalanus sp. However, C. carinatus and R. nasutus are more northern, shelf-break and oceanic species than occurring inshore.  The smaller species, Paracalanus and Parvocalanus that are associated with the southern properties tend to proliferate at the shelf-break at any given latitude. The barrier is therefore driven by the difference in abundance of the former and latter species. 

The identification of the environmental barrier is best explained by comparing the contrasting dominance and diversities at 25º30´S and north of it. The former latitude is characterised by warm water intrusions from the open ocean, but these conditions subside north of 25º30´S. The shelf-break, characterised by secondary upwelling at these latitudes (Barange and Pillar 1992), is chosen as it reflects the magnification of the behavioural patterns of the respective indicator species than anywhere else on the cross-shelf plane.   The assemblages associated with shelf-break are also pronounced, as the shelf-break and the oceanic front do not coincide in this section of the northern Benguela (Gibbons and Hutchings 1996).  The northern-most latitude at the shelf-break is dominated by C. carinatus, C. branchiatus and R. nasutus, whilst Paracalanus sp., and Parvocalanus sp., and M. lucens dominated the southerly transect, north of the Lüderitz upwelling cell. These behavioural patterns of all these species representing the respective latitudes are  aseasonal, The northward and southward shift of the barrier is seasonal, and the distribution of the indicator species north of the barrier is northerly in summer when upwelling is moderately subsided. In contrast, intensed upwelling during early summer shifts the respective occurrences of the indicator species southwards. Diversity is higher in summer than in the period of intensified upwelling. Species that contributed to the high diversity in summer include Oithonia sp., Corycaeus sp., Oncaea sp., N. minor, Euchaeta sp., and Paracartia africana, which penetrate onshore with warm water intrusions.

The environmental barrier is present north of the Lüderitz upwelling cell, but northward and southward displacement is evident during summer and early summer respectively. The exact position of the barrier is not established as the latitudinal distance between transects is large. The reduction of the distance between 24º30´S and 25º30´S coupled with the concentration of the research efforts at the shelf-break is recommended. The examination of the water column depth, phytoplankton biomass together with temperature and salinity at the shelf-break and along the entire cross-shelf plane, is recommended. These might substantiate the minor contribution of temperature and salinity to the structuring of the copepod assemblages. 
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Fig. 1. The map portraying sampling stations along selected transects of the 1983 SWAPELS (South West African Pelagic Egg and Larva Survey ) sampling grid. 
Table I: Distance from the coast of the selected stations during the 1983 SWAPELS survey modified from (Le Clus 1990).
	
Transects 
	Stations
	Distance 

(km)

	88 and 100
	1
2
3

4
5
6
7
8
9
	3.7

9.3

18.5

27.8

46.3

64.8

83.3

101.9

120.4

	124 and 130
	4

9
	27.8

120.4
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Fig. 2. Horizontal distributions of sea surface temperatures (SST) for January, February and November 1983.
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Fig. 3. Horizontal distributions of sea surface salinities (SSS) for January, February and November 1983.
Table II: The alphabetical list of species of the Subclass Copepoda, by order, identified from the samples collected during January, February and November 1983.

	Order
	Family
	Genus
	Species

	Calanoida
	Calanidae
	Calanoides
	Calanoides carinatus Kroyer, 1849

	
	
	Nanocalanus
	Nanocalanus minor Sars, 1925

	
	Paracalanidae
	Paracalanus
	Paracalanus sp. and Parvocalanus sp.

	
	Eucalanidae
	Eucalanus
	Eucalanus hyalinus Claus, 1866

	
	
	Rhincalanus
	Rhincalanus nasutus Giesbrecht, 1888

	
	Clausocalanidae
	Clausocalanus
	Clausocalanus sp

	
	
	Ctenocalanus
	Ctenocalanus vanus Giesbrecht, 1888

	
	Aetideidae
	Aetidius
	Aetidius sp.

	
	Euchaetidae
	Euchaeta
	Euchaeta marina Prestandrea, 1833

	
	Metridinidae
	Metridia
	Metridia lucens Boeck, 1864

	
	Candaciidae
	Candacia
	Candacia bipinnata, Giesbrecht, 1888

	
	Acartiidae
	Paracartia
	Paracartia africana, Steuer, 1915

	
	Centropagidae
	Centropages
	Centropages branchiatus Dana, 1849

	Cyclopoida
	Oithonidae
	Oithonia
	Oithonia sp.

	Harpacticoida
	Ectinosomatidae
	Microsetella
	Microsetella rosea Dana, 1847 

	
	
	
	Microsettela norvegica Boeck, 1864

	Poecilostomatoida
	Oncaeidae
	Oncaea
	Oncaea sp.

	
	Corycaeidae
	Corycaeus
	Corycaeus sp.
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Fig. 4. Contour maps showing the densities of copepods per m3 during January and February and November 1983. 
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Fig. 5. Contour maps showing the species diversity of copepods during January, February and November 1983.
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Fig. 6. Dendogram of percent similarity Bray-Curtis measure between all samples. Samples identifiable by month January (J), February (F), November (N); transects (A, B, C, D); and distance from the coast (1-9).
Table III: Mean assemblage and environmental characteristics of each cluster identified in Fig. 9
	Level 
	Cluster
	N
	Density

(ind. m-3)
	Diversity Index (H´loge)
	Temp

(ºC)
	Salinity

(‰)
	Longitude

(ºE)
	Latitude

(ºS)
	Month

	I
	A
	4
	219
	1.70
	18.40
	35.16
	14.20
	-27.00
	1.8

	I
	B
	55
	723
	1.09
	15.35
	35.06
	14.28
	-25.23
	1.9

	II
	A
	24
	725
	0.94
	15.19
	35.02
	14.60
	-25.50
	2.3

	II
	B
	31
	722
	1.20
	15.49
	35.09
	14.04
	-25.01
	1.6

	III
	A
	15
	1020
	0.69
	14.93
	35.00
	14.68
	-25.63
	2.5

	III
	B
	9
	235
	1.35
	15.62
	35.05
	14.46
	-25.28
	2.1

	III
	C
	24
	799
	1.16
	15.72
	35.12
	13.93
	-24.87
	1.80

	III
	D
	7
	457
	1.32
	14.69
	35.02
	14.43
	-25.50
	1.14

	IV
	A
	8
	812
	0.47
	14.84
	35.07
	14.75
	-25.56
	2.1

	IV
	B
	7
	1257
	0.95
	15.04
	34.92
	14.60
	-25.71
	2.9

	IV
	C
	4
	391
	1.29
	15.45
	35.02
	14.23
	-25.50
	2.75

	IV
	D
	5
	110
	1.41
	15.75
	35.06
	14.64
	-25.90
	1.60

	IV
	E
	2
	216
	0.87
	15.46
	35.02
	13.98
	-24.50
	1.00

	IV
	F
	22
	852
	1.19
	15.75
	35.12
	13.92
	-24.91
	1.86

	IV
	G
	4
	653
	1.20
	13.69
	34.95
	14.43
	-25.50
	1.00

	IV
	H
	3
	196
	1.47
	16.02
	35.11
	14.43
	-25.50
	1.33

	V
	A
	5
	1216
	1.64
	15.31
	35.16
	14.17
	-25.30
	1.6

	V
	B
	16
	750
	1.07
	15.91
	35.10
	13.84
	-24.81
	1.9


Data in italics and bold typeface indicate significant differences at (P < 0.1) and (P < 0.05) between characteristics of samples (A and B); (C and B); (E and F); (G-H) within any given level of similarity (I-V). Number of samples within each cluster also shown (n).  Significance determined by Kolmogorov-Smirnov test.  

Table IV: List of dominant species identified by SIMPER as responsible for differences in the structure of the clusters (by level) shown in Fig. 9
	Level
	Genus
	Species
	Mean Density
	
	Mean Density
	
	Mean Density
	
	Mean Density
	

	
	
	
	Cluster A
	Cluster B
	Contribution (%)
	Cluster C
	Cluster D
	Contribution

(%)
	Cluster E
	Cluster F
	Contribution (%)
	Cluster G
	Cluster H
	Contribution (%)

	I
	Calanoides
	carinatus
	9
	256
	19.61
	
	
	
	
	
	
	
	
	

	I
	Paracalanus and
Parvocalanus
	sp.
	26
	260
	17.52
	
	
	
	
	
	
	
	
	

	I
	Rhincalanus
	nasutus
	
	52
	4.72
	
	
	
	
	
	
	
	
	

	I
	Centropages
	Branchiatus
	11
	55
	5.95
	
	
	
	
	
	
	
	
	

	I
	Paracartia
	africana
	22
	3
	9.69
	
	
	
	
	
	
	
	
	

	I
	Metridia
	lucens
	85
	32
	20.14
	
	
	
	
	
	
	
	
	

	I
	Nanocalanus
	Minor
	20
	7
	5.73
	
	
	
	
	
	
	
	
	

	I
	Oithonia
	sp.
	19
	11
	5.27
	
	
	
	
	
	
	
	
	

	I
	Copepod nauplii
	
	
	40
	4.12
	
	
	
	
	
	
	
	
	

	II
	Calanoides
	carinatus
	93
	382
	26.58
	
	
	
	
	
	
	
	
	

	II


	Paracalanus and
Parvocalanus
	sp.
	513
	65
	37.78
	
	
	
	
	
	
	
	
	

	II
	Rhincalanus
	nasutus
	27
	71
	6.47
	
	
	
	
	
	
	
	
	

	II
	Centropages
	branchiatus
	11
	88
	9.56
	
	
	
	
	
	
	
	
	

	II
	Copepod nauplii
	
	40
	41
	7.04
	
	
	
	
	
	
	
	
	

	III
	Calanoides
	carinatus
	119
	51
	14.24
	473
	212
	32.23
	
	
	
	
	
	

	III
	Centropages
	branchiatus
	
	
	
	52
	212
	26.26
	
	
	
	
	
	

	III
	Nanocalanus
	minor
	
	
	
	
	
	
	
	
	
	
	
	

	III
	Paracalanus and
Parvocalanus
	sp.
	777
	72
	42.06
	54
	104
	11.12
	
	
	
	
	
	

	III


	Rhincalanus
	Nasutus
	22
	36

	10.48

	87
	16

	6.18
	
	
	
	
	
	

	III
	Metridia
	lucens
	
	
	
	34
	17
	8.48
	
	
	
	
	
	

	III
	Oithonia
	sp.
	
	
	
	15
	22
	5.27
	
	
	
	
	
	

	III
	Copepod nauplii
	
	31
	55
	16.41
	48
	15
	4.23
	
	
	
	
	
	

	IV


	Paracalanus and
Parvocalanus
	sp.
	714
	850
	38.58
	118
	35
	7.22
	0
	59
	7.59
	168
	19
	13.36

	IV
	Calanoides
	carinatus
	23
	228
	30.29
	69
	37
	20.07
	92
	508
	17.77
	85
	47
	13.61

	IV
	Metridia
	Lucens
	56
	47
	9.27
	
	
	
	
	
	
	13
	22
	20.20

	IV
	Centropages
	branchiatus
	6
	24
	6.16
	
	
	
	2
	57
	7.44
	343
	39
	32.30

	IV
	Copepod nauplii
	
	4
	62
	5.92
	118
	4
	33.87
	0
	53
	6.92
	
	
	

	IV
	Rhincalanus
	nasutus
	
	
	
	72
	7
	14.01
	13
	94
	9.17
	
	
	

	IV
	Acartia
	sp.
	
	
	
	1
	4
	5.03
	
	
	
	
	
	

	IV
	Nanocalanus
	minor
	
	
	
	
	
	
	101
	7
	42.56
	
	
	

	IV
	Oithonia
	sp.
	
	
	
	
	
	
	
	
	
	1
	52
	11.96

	V
	Copepod nauplii
	
	143
	24
	16.92
	
	
	
	
	
	
	
	
	

	V

	Calanoides
	carinatus
	471
	518
	36.55
	
	
	
	
	
	
	
	
	

	V
	Rhincalanus
	nasutus
	156
	80
	10.66
	
	
	
	
	
	
	
	
	

	V
	Metridia
	lucens
	99
	19
	5.14
	
	
	
	
	
	
	
	
	

	V
	Centropages
	branchiatus
	144
	32
	12.64
	
	
	
	
	
	
	
	
	

	V
	Paracalanus and
Parvocalanus
	sp.
	63
	59
	8.01
	
	
	
	
	
	
	
	
	

	V
	Oithonia
	sp.
	50
	6
	3.85
	
	
	
	
	
	
	
	
	



The mean density (ind. m-3) of each species in each assemblage (cluster A, B, C, D, E, F, G, H) at any given level is shown, as are their proportional contribution to dissimilarity (only species with at least a contribution of 5% are reported here).

Table V: The rank correlations of environmental parameters identified by the BIOENV procedure responsible for the structures of copepod assemblages during January, February, November and for all the samples
	Variables
	Rank correlations

	 
	January
	February
	November
	Pooled

	Temperature
	0.202
	0.215
	-0.071
	0.113

	Salinity
	0.171
	0.185
	-0.093
	0.087

	Longitude
	0.158
	0.2
	-0.098
	0.084

	Latitude
	0.159
	0.21
	-0.098
	0.084


Appendix A: Summary of species in m-3 for all the samples
	Samples
	Calanoides
	Centropages
	Nauplii
	Corycaeus
	M. norvegica
	M. rosea
	Metridia
	P. parvus
	Clausocalanus
	

	AA1
	9
	0
	0
	
	0
	0
	0
	157
	0
	

	AA2
	11
	0
	0
	0
	0
	0
	0
	0
	0
	

	AA3
	17
	0
	9
	0
	0
	0
	4
	17
	0
	

	AA4
	329
	0
	23
	0
	0
	0
	0
	0
	0
	

	AA5
	1567
	400
	300
	100
	0
	33
	467
	133
	0
	

	AA6
	235
	45
	10
	0
	0
	0
	4
	25
	0
	

	AA7
	341
	41
	38
	0
	0
	0
	2
	5
	0
	

	AA8
	348
	3
	25
	0
	0
	0
	5
	0
	0
	

	AA9
	172
	4
	0
	0
	0
	0
	8
	0
	0
	

	AB1
	44
	18
	1
	0
	0
	0
	32
	9
	0
	

	AB2
	13
	16
	0
	0
	0
	0
	24
	13
	0
	

	AB3
	49
	402
	0
	0
	0
	0
	14
	141
	0
	

	AB4
	98
	302
	48
	0
	0
	0
	0
	261
	0
	

	AB5
	88
	409
	13
	0
	0
	0
	35
	237
	0
	

	AB6
	221
	90
	136
	0
	0
	0
	12
	52
	5
	

	AB7
	104
	258
	31
	0
	5
	10
	3
	34
	0
	

	AB8
	246
	99
	7
	0
	0
	0
	4
	0
	0
	

	AB9
	1346
	60
	4
	0
	0
	0
	4
	0
	0
	

	AC1
	110
	46
	10
	0
	0
	0
	12
	105
	0
	

	AC2
	6
	0
	0
	0
	0
	0
	0
	12
	0
	

	AD1
	6
	18
	0
	0
	0
	0
	46
	436
	0
	

	AD2
	5
	1
	0
	0
	0
	0
	0
	10
	1
	

	BA1
	0
	0
	0
	0
	0
	0
	0
	1545
	0
	

	BA2
	4
	0
	0
	0
	0
	0
	0
	85
	0
	

	BA3
	0
	0
	4
	0
	0
	0
	0
	2
	0
	

	BA4
	124
	0
	8
	0
	0
	0
	23
	8
	0
	

	BA5
	0
	0
	0
	0
	0
	0
	0
	0
	0
	

	BA6
	536
	20
	61
	0
	0
	0
	12
	32
	0
	

	BA7
	75
	19
	2
	0
	0
	0
	2
	15
	0
	

	BA8
	9
	17
	2
	0
	0
	0
	88
	63
	0
	

	BA9
	180
	13
	0
	0
	0
	0
	8
	52
	0
	

	BB1
	8
	0
	0
	0
	0
	0
	0
	8
	0
	

	BB5
	227
	51
	195
	0
	0
	0
	9
	42
	0
	

	BB6
	277
	165
	71
	0
	0
	3
	3
	65
	0
	

	BB7
	814
	109
	64
	0
	0
	0
	0
	25
	0
	

	BB8
	65
	16
	11
	0
	0
	1
	2
	22
	0
	

	BB9
	83
	83
	8
	0
	0
	0
	8
	36
	0
	

	BC1
	5
	6
	6
	0
	0
	0
	0
	80
	0
	

	BC2
	16
	16
	0
	0
	0
	4
	202
	28
	0
	

	BD1
	63
	45
	1
	0
	0
	0
	5
	255
	0
	

	BD2
	5
	10
	0
	0
	0
	0
	49
	5
	0
	

	CA1
	43
	0
	0
	0
	0
	0
	0
	31
	0
	

	CA2
	46
	0
	0
	0
	0
	0
	0
	261
	0
	

	CA3
	58
	4
	8
	0
	0
	0
	12
	722
	0
	

	CA4
	20
	0
	54
	0
	0
	2
	0
	47
	0
	

	CA5
	34
	3
	68
	0
	0
	0
	7
	163
	0
	

	CA6
	220
	3
	346
	0
	0
	0
	31
	260
	0
	

	CA7
	1105
	6
	127
	0
	0
	0
	51
	298
	0
	

	CA8
	335
	8
	28
	0
	0
	0
	24
	98
	0
	

	CA9
	1493
	53
	0
	0
	0
	0
	23
	218
	0
	

	CB1
	116
	6
	0
	0
	0
	0
	3
	402
	0
	

	CB2
	20
	3
	0
	0
	0
	0
	4
	73
	0
	

	CB3
	31
	0
	0
	0
	0
	0
	100
	1028
	0
	

	CB4
	73
	21
	15
	0
	0
	0
	285
	1657
	0
	

	CB5
	370
	41
	264
	0
	0
	0
	187
	1438
	0
	

	CB6
	594
	28
	120
	0
	0
	0
	57
	2503
	0
	

	CB7
	386
	44
	50
	0
	0
	0
	75
	1014
	0
	

	CB8
	408
	8
	6
	0
	0
	0
	8
	28
	0
	

	CB9
	488
	5
	5
	0
	0
	0
	43
	145
	0
	

	Samples
	Ctenocalanus
	Oithona
	Oncaea
	Nanocalanus
	Candacia
	Eucheata
	Acartia
	Rhincalanus
	Eucalanus 
	Aetidius 

	AA1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	AA2
	0
	0
	0
	6
	0
	0
	0
	0
	0
	0

	AA3
	0
	9
	0
	0
	0
	0
	4
	0
	0
	0

	AA4
	0
	0
	0
	0
	0
	0
	0
	57
	0
	0

	AA5
	0
	233
	100
	33
	0
	33
	133
	500
	0
	0

	AA6
	3
	1
	3
	0
	0
	0
	0
	29
	1
	0

	AA7
	0
	0
	0
	0
	0
	0
	0
	55
	0
	0

	AA8
	0
	15
	8
	53
	0
	0
	5
	50
	0
	0

	AA9
	0
	6
	2
	196
	0
	0
	0
	26
	0
	0

	AB1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	AB2
	0
	0
	0
	0
	0
	0
	0
	5
	0
	0

	AB3
	0
	0
	0
	0
	0
	0
	0
	16
	0
	0

	AB4
	0
	2
	0
	0
	0
	0
	0
	26
	0
	0

	AB5
	0
	0
	0
	0
	0
	0
	0
	22
	0
	0

	AB6
	0
	4
	0
	0
	0
	0
	0
	30
	0
	0

	AB7
	0
	0
	0
	0
	0
	0
	0
	5
	0
	0

	AB8
	0
	1
	0
	21
	0
	0
	0
	26
	0
	0

	AB9
	0
	9
	4
	26
	0
	9
	0
	85
	0
	0

	AC1
	35
	2
	0
	1
	0
	0
	0
	4
	0
	1

	AC2
	0
	0
	2
	6
	0
	0
	2
	0
	0
	0

	AD1
	18
	0
	0
	0
	0
	0
	0
	11
	0
	0

	AD2
	7
	5
	0
	5
	0
	0
	12
	0
	0
	0

	BA1
	0
	26
	0
	0
	0
	0
	0
	0
	0
	0

	BA2
	0
	4
	0
	0
	0
	0
	0
	0
	0
	0

	BA3
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0

	BA4
	0
	8
	0
	0
	0
	0
	0
	8
	0
	0

	BA5
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	BA6
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	BA7
	0
	6
	6
	0
	0
	0
	0
	13
	0
	0

	BA8
	0
	43
	8
	33
	7
	0
	11
	4
	0
	0

	BA9
	0
	33
	6
	19
	3
	0
	5
	8
	0
	0

	BB1
	0
	0
	0
	0
	0
	0
	0
	8
	0
	0

	BB5
	0
	0
	0
	0
	0
	0
	0
	65
	0
	0

	BB6
	0
	3
	0
	0
	0
	0
	0
	146
	0
	0

	BB7
	0
	0
	0
	0
	0
	0
	0
	109
	0
	0

	BB8
	0
	12
	0
	2
	1
	0
	0
	41
	0
	0

	BB9
	0
	155
	0
	0
	0
	0
	0
	40
	0
	1

	BC1
	0
	2
	0
	0
	0
	0
	0
	2
	0
	0

	BC2
	0
	28
	69
	40
	4
	4
	45
	0
	0
	0

	BD1
	0
	2
	0
	0
	0
	0
	0
	15
	0
	0

	BD2
	0
	0
	0
	0
	0
	0
	19
	0
	0
	0

	CA1
	0
	0
	0
	0
	0
	0
	12
	24
	0
	0

	CA2
	0
	13
	0
	0
	0
	0
	3
	24
	0
	0

	CA3
	0
	0
	0
	0
	0
	0
	0
	22
	0
	0

	CA4
	0
	0
	0
	0
	0
	0
	2
	9
	0
	0

	CA5
	0
	0
	0
	0
	0
	0
	0
	99
	0
	0

	CA6
	0
	6
	0
	0
	0
	0
	0
	180
	0
	0

	CA7
	0
	6
	0
	0
	0
	0
	0
	273
	0
	0

	CA8
	0
	6
	0
	0
	0
	0
	2
	199
	0
	0

	CA9
	0
	8
	0
	0
	0
	0
	0
	143
	0
	0

	CB1
	0
	0
	0
	0
	0
	0
	0
	4
	0
	0

	CB2
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0

	CB3
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	CB4
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	CB5
	0
	4
	8
	0
	0
	0
	4
	49
	0
	0

	CB6
	0
	0
	0
	0
	0
	0
	0
	106
	0
	0

	CB7
	0
	0
	0
	0
	0
	0
	0
	93
	0
	0

	CB8
	0
	3
	3
	0
	0
	0
	0
	74
	0
	0

	CB9
	0
	5
	0
	0
	0
	0
	0
	139
	0
	0


Appendix B: A summary of density, Shannon-Wiener diversity indices and all the environmental parameters for each sample used in the data analysis
	Samples
	N
	H'(loge)
	H'(log2)
	Temperature
	Salinity
	Longitude
	Latitude

	AA1
	166
	0.21
	0.30
	14.90
	35.02
	14.58
	-24.50

	AA2
	17
	0.64
	0.92
	14.60
	35.02
	14.53
	-24.50

	AA3
	60
	1.65
	2.38
	14.55
	35.02
	14.44
	-24.50

	AA4
	408
	0.61
	0.88
	14.42
	35.04
	14.35
	-24.50

	AA5
	4035
	1.99
	2.87
	14.40
	35.03
	14.16
	-24.50

	AA6
	356
	1.20
	1.74
	15.30
	35.01
	13.98
	-24.50

	AA7
	483
	0.98
	1.41
	15.80
	35.01
	13.80
	-24.50

	AA8
	511
	1.15
	1.66
	15.80
	35.04
	13.62
	-24.50

	AA9
	415
	1.10
	1.59
	16.32
	35.02
	13.44
	-24.50

	AB1
	105
	1.30
	1.87
	16.52
	34.95
	14.83
	-25.50

	AB2
	71
	1.51
	2.18
	14.25
	34.98
	14.77
	-25.50

	AB3
	621
	1.00
	1.44
	13.04
	34.98
	14.68
	-25.50

	AB4
	738
	1.32
	1.90
	13.52
	34.95
	14.59
	-25.50

	AB5
	803
	1.25
	1.80
	13.50
	34.96
	14.40
	-25.50

	AB6
	549
	1.55
	2.24
	14.40
	34.95
	14.22
	-25.50

	AB7
	451
	1.26
	1.81
	14.71
	34.92
	14.03
	-25.50

	AB8
	403
	1.11
	1.60
	15.50
	34.94
	13.85
	-25.50

	AB9
	1546
	0.58
	0.84
	16.50
	34.94
	13.68
	-25.50

	AC1
	327
	1.60
	2.31
	12.60
	34.88
	15.15
	-27.50

	AC2
	28
	1.40
	2.02
	19.70
	35.13
	14.20
	-27.50

	AD1
	534
	0.73
	1.05
	13.60
	34.85
	15.44
	-28.00

	AD2
	45
	1.86
	2.69
	19.20
	35.06
	14.48
	-28.00

	BA1
	1572
	0.09
	0.12
	16.20
	35.42
	14.58
	-24.50

	BA2
	92
	0.32
	0.47
	16.00
	35.41
	14.53
	-24.50

	BA3
	7
	0.96
	1.38
	15.70
	35.40
	14.44
	-24.50

	BA4
	178
	1.06
	1.53
	15.70
	35.41
	14.35
	-24.50

	BA5
	652
	1.20
	1.73
	15.20
	35.39
	14.16
	-24.50

	BA6
	662
	0.72
	1.04
	15.40
	35.37
	13.98
	-24.50

	BA7
	139
	1.47
	2.12
	15.40
	35.32
	13.80
	-24.50

	BA8
	285
	1.92
	2.77
	15.90
	35.33
	13.62
	-24.50

	BA9
	328
	1.51
	2.18
	16.10
	35.32
	13.44
	-24.50

	BB1
	24
	1.10
	1.58
	16.80
	35.36
	14.83
	-25.50

	BB5
	589
	1.44
	2.08
	15.60
	35.27
	14.40
	-25.50

	BB6
	734
	1.54
	2.22
	16.35
	35.27
	14.22
	-25.50

	BB7
	1120
	0.93
	1.34
	16.60
	35.31
	14.03
	-25.50

	BB8
	171
	1.70
	2.45
	15.80
	35.26
	13.85
	-25.50

	BB9
	413
	1.62
	2.33
	17.30
	35.39
	13.68
	-25.50

	BC1
	101
	0.84
	1.22
	16.20
	35.19
	15.15
	-27.50

	BC2
	457
	1.79
	2.59
	19.40
	35.17
	14.20
	-27.50

	BD1
	385
	1.04
	1.51
	16.00
	35.09
	15.44
	-28.00

	BD2
	87
	1.23
	1.77
	19.10
	35.08
	14.48
	-28.00

	CA1
	110
	1.30
	1.88
	15.10
	34.93
	14.58
	-24.50

	CA2
	348
	0.83
	1.20
	15.00
	34.93
	14.53
	-24.50

	CA3
	825
	0.53
	0.76
	14.40
	34.92
	14.44
	-24.50

	CA4
	134
	1.34
	1.93
	15.30
	34.91
	14.35
	-24.50

	CA5
	374
	1.36
	1.96
	15.00
	34.87
	14.16
	-24.50

	CA6
	1047
	1.49
	2.15
	15.80
	34.91
	13.98
	-24.50

	CA7
	1866
	1.20
	1.74
	16.90
	34.78
	13.80
	-24.50

	CA8
	700
	1.34
	1.93
	16.10
	35.00
	13.62
	-24.50

	CA9
	1936
	0.81
	1.17
	16.10
	35.01
	13.44
	-24.50

	CB1
	531
	0.66
	0.96
	13.60
	34.85
	14.83
	-25.50

	CB2
	101
	0.84
	1.21
	13.80
	34.86
	14.77
	-25.50

	CB3
	1159
	0.41
	0.60
	12.60
	34.86
	14.68
	-25.50

	CB4
	2052
	0.65
	0.94
	14.80
	34.87
	14.59
	-25.50

	CB5
	2365
	1.23
	1.77
	14.80
	34.87
	14.40
	-25.50

	CB6
	3408
	0.86
	1.25
	15.60
	34.96
	14.22
	-25.50

	CB7
	1661
	1.14
	1.65
	16.50
	34.88
	14.03
	-25.50

	CB8
	538
	0.86
	1.25
	16.50
	35.04
	13.85
	-25.50

	CB9
	831
	1.17
	1.68
	16.60
	35.02
	13.68
	-25.50

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































